Physical inactivity has been shown to increase the risk for several chronic diseases across the lifespan. However, the impact of physical activity and aerobic fitness on childhood cognitive and brain health has only recently gained attention. The purposes of this article are to: 1) highlight the recent emphasis for increasing physical activity and aerobic fitness in children's lives for cognitive and brain health; 2) present aspects of brain development and cognitive function that are susceptible to physical activity intervention; 3) review neuroimaging studies examining the cross-sectional and experimental relationships between aerobic fitness and executive control function; and 4) make recommendations for future research. Given that the human brain is not fully developed until the third decade of life, preadolescence is characterized by changes in brain structure and function underlying aspects of cognition including executive control and relational memory. Achieving adequate physical activity and maintaining aerobic fitness in childhood may be a critical guideline to follow for physical as well as cognitive and brain health.
Regular physical activity has been shown to be protective against the development of several diseases including obesity, cardiovascular disease, certain cancers, and Type II diabetes (73) . Given that these diseases have also been associated with reduced cognitive and brain health among older adults (21, 35) , physical activity is suggested to indirectly improve cognition and brain health by attenuating the risk for disease. However, research from rodent models demonstrates that physical activity is a potent stimulator of processes underlying neurogenesis, synaptogenesis, as well as brain vasculature (53, 72) . In addition, physical activity training has been shown to counter age-related hippocampal tissue loss and improve spatial memory function among older adults (31) . Taken together, the findings from both rodent and older human studies suggest that physical activity may indirectly or directly modulate cognitive function and brain health.
Converging lines of research indicate that regular physical activity and enhanced aerobic fitness may improve cognitive function and brain health in childhood as well. Higher-fit preadolescent children exhibit greater attention (42) , faster information processing speed (43) , and achieve higher scores on standardized achievement tests (11, 27) , relative to their lower-fit counterparts.
These benefits were highlighted by a recent Institute of Medicine (48) committee charged with examining the status of physical activity and physical education in schools, how physical activity and fitness affect health outcomes, and ways to help schools get students to become more active. While acknowledging the fiscal and policy challenges involved, the final committee report recognized that attaining over 60 min of moderate to vigorous physical activity (MVPA) during the school day is necessary for optimal learning in the classroom. To represent the full scope of the positive contribution of regular physical activity to overall health and function, a team of kinesiologists validated the Human Capital Model (HCM) of physical activity (3) . The HCM is supported by a growing community of public, private, and civil sector organizations. It considers physical activity an investment and consolidates the evidence for physical activity benefits into six domains including physical, emotional, individual, social, intellectual, and financial. Taken together, the Institute of Medicine report and the HCM place an emphasis on childhood health and provide a platform for implementing physical education and other physical activity opportunities in schools along with a holistic conceptual model that incorporates physical activity benefits for cognitive function and brain health.
However, much remains to be learned regarding the influence of physical activity on specific cognitive processes and their neural substrates. Knowledge from the developmental literature is largely based on observational/cross-sectional studies. Thus, information on the efficacy of improving physical activity and/or aerobic fitness for cognitive function and brain health in childhood remains limited. It is of particular importance to examine how the protracted development of specific brain structures provides opportunities for environmental modulation by health behaviors including physical activity. Keeping this in mind, our laboratory and colleagues have focused efforts on examining physical activity effects on the cognitive processes of executive control and relational/associative memory because the key neural structures subserving these processes-the prefrontal cortex and hippocampus-continue to develop throughout childhood. Furthermore, these cognitive processes and their neural substrates provide the foundation for successful learning and scholastic achievement, thereby influencing overall health and well-being throughout life.
In this article, we review the brain developmental trajectory and evaluate observational and intervention studies examining relationships between physical activity and fitness with cognitive performance and brain health in childhood.
Brain Development
The human brain undergoes a fourfold increase in volume from birth to adolescence resulting in an adult brain that is highly structured and functionally specialized (49) . Gestation represents a period of rapid brain development involving several synchronized processes including neurogenesis, migration, programmed cell death, myelination, and synaptogenesis (56) . In addition, sulci and gyri formation is nearly complete by birth (57) and by 2 years the brain achieves 80% of its adult weight (25) .
Despite the fact that the brain achieves 95% of its maximum size by 6 years, the processes underlying functional connectivity-including competitive elimination of synapses, myelination, and dendritic and axonal arborization-continues throughout life (56) . The early rapid increase in synaptic density is followed by a period during which synaptic connections that are not used are eliminated or pruned (58) . This elimination increases both computational capacity and speed of information processing and serves as a functional mechanism for plasticity, which supports the hypothesis that the immature brain is sculpted to fit the individual's environment (2) . Further, synaptic pruning occurs at varying velocities in different parts of the brain with sensory regions-such as the visual cortex-achieving maturity by 7 years while the middle frontal gyrus-a region involved in executive functionnot maturing until 20 years (47) . One of the implications of this hierarchical growth model is that development of executive control-which consists of inhibition (resisting distractions or habits to maintain focus), working memory (mentally holding and manipulating information), and cognitive flexibility (multitasking)-is guided by the late maturation of the prefrontal cortex (10) . Furthermore, protracted myelination throughout the cortices supports the position that childhood and adolescence are periods of modification in connectivity between distant brain circuitries as well as prefrontal specialization (38) .
In addition to modifications in connectivity, different regions of the cortices display varying growth trajectories. Gray matter volume, which consists of neuronal cell bodies, dendrites, and unmyelinated axons, peaks between 10 and 12 years in the frontal and parietal lobes while temporal lobe gray matter volume does not peak until 16-17 years of age (37) . Indeed, the dorsolateral prefrontal cortex-a cortical area subserving control of impulses, judgment, and decision-making-reaches adult levels of cortical thickness last (56) .
The relatively delayed rate of maturation of the human brain, compared with other mammals, may provide opportunity for postnatal environmental modulation. The discovery that the dentate gyrus of the hippocampus in the adult brain continues to undergo neurogenesispreviously assumed to be complete at birth-may provide additional support to this theory (1) . Thus, the protracted development of the prefrontal cortex and neurogenic capacity of the dentate gyrus offer the possibility of exciting mechanisms by which physical activity may affect cognitive function and brain health. Rodent models have been particularly useful in examining the role of physical activity in neurogenesis, and older human studies have provided further empirical support for this relationship (19, 20, 31) .
Mechanisms Underlying Physical
Activity-Brain Relationships Although brain development is complete by the third decade of life, it is now well accepted that that the adult human brain has the capacity to form new neurons throughout life. The two brain regions that exhibit adult neurogenesis are the subventricular zone of the lateral ventricle and the dentate gyrus in the hippocampus (59) . Evidence from rodent studies has revealed that several factors affect neurogenesis including stress, aging, environmental enrichment, and physical activity (40, 50, 54, 68) . However, physical activity has been identified as a critical neurogenic component of environmental enrichment (29, 67) . Indeed, wheel running in rodents enhances performance on hippocampal-dependent tasks including spatial memory and novel object recognition (61, 69) . Subsequent studies established that the neurogenic effects of exercise are localized to the dentate gyrus of the hippocampus and not the subventricular zone/olfactory bulb; thus, providing a model to explain the enhanced hippocampal function observed following exercise (6) . This is further supported by the observation that long-term potentiation (LTP)-a persistent increase in synaptic strength that may underpin certain forms of learning or memory-is enhanced in the dentate gyrus of running mice compared with controls (72) . However, the granule cells in the dentate gyrus can be influenced by a variety of factors including neurotransmitters, neural peptides, and growth factors.
Although several neurotrophins are involved in the maintenance of neural function and plasticity, brainderived neurotrophic factor (BDNF) is proposed to be one of the key mediators of exercise effects on the brain (22) . BDNF is expressed in several tissues including the brain, muscle, and adipose tissue and plays an important role in various aspects of developmental and adult brain plasticity, including proliferation, differentiation, and survival of neurons (46) . Studies in animals have shown that exercise-induced increases in BDNF mRNA are specific to the dentate gyrus (34) , an area vital for learning and memory. Among humans, circulating BDNF has been related to hippocampal volume, with aerobic fitness related to the upregulation of BDNF serum levels and greater hippocampal volume among older adults (31, 55) . Although differences in hippocampal volume as a function of fitness have been recently observed in children as well (discussed below), additional studies are needed to determine exercise effects on neurochemical factors that mediate the effects of physical activity on cognition in childhood. A complete review of possible mechanisms for the effects of physical activity on brain and cognition is beyond the scope of this article, but several informative reviews on the topic exist in the literature (39, 70) .
Aerobic Fitness and Hippocampal-Dependent Memory
The hippocampus is essential for relational/associative memory, which refers to the ability to form and use representations among the constituent elements of an event or scene (18, 23) . This form of memory is particularly important because it is critical for binding arbitrary associations between pieces of information and their flexible expression (30) , thus representing a continuous cognitive process that is integral to learning in school and everyday life. Therefore, elucidating whether factors such as physical activity or fitness can enhance relational memory could be crucial for achieving optimal learning and cognitive development, potentially influencing life outcomes beyond childhood.
Given that wheel running increases neurogenesis in the hippocampus and enhances hippocampal-dependent memory in rodents (51), the impact of physical activity and aerobic fitness on hippocampal structure and function has received much attention in recent years. Among older adults, Erikson et al. (32) found that higher aerobic fitness was associated with increased hippocampal volumes, which translated to superior performance on a spatial memory task. Recent evidence has emerged indicating that differences in hippocampal structure and function may extend to children as well.
Specifically, Chaddock et al. (12) examined differences in hippocampal volumes and performance on a relational memory task between higher-(≥70th VO 2max percentile) and lower-(≤30th VO 2max percentile) fit 9-to 10-year-olds. Higher-fit children exhibited larger bilateral hippocampal volumes and greater accuracy on the relational memory task. Furthermore, the hippocampal volume mediated the positive association observed between fitness and relational memory performance. No differences were observed-across fitness levelsfor item memory performance and nucleus accumbens volume (assessed as a control region), demonstrating the selectivity of fitness to specific aspects of memory and their neural substrates. In a subsequent study, the behavioral findings were extended to a different relational memory task among a unique sample, as selective associations with fitness were only observed for the relational task (15) . To test whether the provision of physical activity would enhance relational memory, Monti et al. (60) used eye-movements-an implicit measure of hippocampal activity-to demonstrate that 8-to 9-yearolds who participated in a 9-month physical activity intervention showed eye movement patterns indicative of superior relational memory without any difference in the item condition (an aspect of memory subserved by regions outside the hippocampus). Although pretest eyemovement data were not collected, the observation that there was a significant group difference on eye-movement measures specific to the relational memory condition at posttest provided additional support for the selective link between the hippocampus, relational memory, and fitness.
Aerobic Fitness and Executive Control: Evidence From Structural and Functional MRI
Unlike the study of physical activity and aerobic fitness effects on hippocampal plasticity-which has predominantly been studied using animal models-the relationship between physical activity and aerobic fitness and the prefrontal cortex has been illuminated by several studies among humans. Of particular interest has been the influence of fitness on executive control; goal-directed cognitive processes underlying perception, memory, and action. Indeed, much of the currently available evidence suggests disproportionately larger effects of fitness on executive control processes-relative to controlled, visuospatial, and speed tasks-among adult populations (21, 45) . Subcortical structures subserving the fronto-striatal connection are also suggested to modulate efficient recruitment of executive control and these structures may be influenced by fitness. Chaddock et al. (13) investigated the relationships between aerobic fitness, performance on a modified flanker task, and volume of the basal ganglia, a group of structures located at the base of the forebrain and implicated in action selection and execution (41) . The flanker task is an executive control task that specifically requires variable amounts of inhibitory control. It consists of arrays of congruent and incongruent stimuli, with the instruction to respond to the directionality of the central (i.e., target) stimulus and ignore flanking stimuli. Higher-fit children exhibited larger volumes of dorsal striatum (eg, left caudate nucleus, bilateral putamen, globus pallidus), which was negatively associated with behavioral interference attributed to the incongruent flanking stimuli, providing a behavioral sequelae for the observed structural differences between groups. Indeed, lower-fit children exhibited over a twofold higher interference effect indicating less efficient management of conflicting cues compared with higher-fit children.
Beyond MRI measures of brain structure, the availability of functional MRI (fMRI) allows for a proxy measure (eg, blood flow) of underlying brain activation during task performance, thereby detecting regional locations and networks that are associated with higher aerobic fitness. Although research is limited, a handful of studies have used fMRI to assess how physical activity or aerobic fitness changes patterns of brain activation (14, 17, 24, 52, 71) . Specifically, Chaddock et al. (14) compared performance on early and later blocks of a flanker task between higher and lower fit 9-and 10-year-olds using fMRI. During congruent trials requiring lower amounts of executive control, both groups showed greater activation in the prefrontal and parietal cortex (eg., left middle frontal gyrus, supplementary motor area, anterior cingulate cortex [ACC], left superior parietal lobe) during the early blocks when the paradigm was more novel, followed by a decrease in activity during the later blocks. However, during incongruent trials requiring the upregulation of executive control, higher-fit children maintained accuracy across blocks and exhibited increased activation in the left middle frontal gyrus, right middle frontal gyrus, supplementary motor area, ACC, and the left superior parietal lobe during the early task block and reduced activity in the later block. In contrast, the lowerfit children declined in accuracy across blocks without displaying any changes in brain activity. These findings are consistent with studies that have used event-related brain potentials (ERPs, discussed later) to indicate that higher-fit children may have greater ability to upregulate neural processes involved in executive control to meet task demands and maintain performance.
Differences in underlying brain activity have also been found as a function of physical activity interventions. Davis et al. (24) tested the effect of 3 months of physical activity training on executive function in overweight children using cognitive assessments, achievement measures, and fMRI. Participants were randomized into high (40 min) and low-dose (20-min) exercise and control groups. Exercise selectively enhanced executive control tasks and math achievement in a dose-dependent manner. The improvement in math achievement was particularly important because no educational instruction was given. Relative to the fMRI data, the exercise group (high and low-dose exercise groups were collapsed for fMRI analyses) exhibited increased bilateral prefrontal cortex activity and decreased activity in the posterior parietal cortex. Similarly, Chaddock et al. (17) observed differences in brain activity between children participating in a 9-month physical activity intervention, relative to children assigned to a wait-list control. In addition to improved performance on an attentional task of inhibitory control, intervention participants exhibited decreased activation in the right prefrontal cortex while the control group showed no changes in brain function from baseline to posttest. Furthermore, posttest brain activity among the intervention group showed similar anterior frontal brain patterns and incongruent accuracy performance to a group of college-aged adults while the control group children failed to show such a pattern.
A third physical activity intervention study examined changes in accuracy and brain function among 8-to 11-year-old overweight children using flanker and antisaccade tasks (52) . Relative to the control group, intervention participants exhibited decreased activity in several areas subserving the antisaccade performance, including the precentral gyrus and posterior parietal cortex. However, increased activity was observed in regions involved in flanker accuracy including the ACC and superior frontal gyrus. This observation for ACC activation was in contrast with Chaddock et al. (17) who did not observe any changes in ACC activation using the flanker task. Nevertheless, evidence from fMRI studies suggests that that physical activity may influence the modulation of neural circuitry supporting executive control in prepubertal children, but also suggests that further work is needed to better determine the differential patterns of activation across various cognitive tasks.
Aerobic Fitness and Executive Control: Evidence From Neuroelectric Studies
In addition to fMRI, other neuroimaging tools have been used to study the relation of physical activity to brain function. Findings from our laboratory have indicated that fitness has a positive relationship with performance on cognitive tasks requiring variable levels of executive control in children (7) . Several subsequent studies have assessed ERPs during stimulus engagement and response production to determine which aspects of cognition are influenced by fitness. ERPs refer to patterns of neuroelectric activation that occur in response to, or in preparation for, a stimulus or response. Although ERPs have low spatial resolution, they have high temporal resolution; therefore, reflecting specific neural operations that occur between stimulus encoding and response execution. The P3 (P300 or P3b) is a positive-going component observed in the stimulus-locked ERP waveform that has captured considerable attention in the literature and is believed to represent the updating of memory once sensory information has been analyzed (26) . P3 amplitude and latency are thought to be directly proportional to the amount of attentional resources allocated during stimulus engagement and information processing speed during stimulus evaluation, respectively (28, 63) . Thus, this endogenous component provides rich information regarding brain function underlying behavior within the stimulus environment. Several studies in our laboratory have demonstrated differences in the P3 component between higher-and lower-fit children. Hillman et al. (42) assessed neuroelectric differences between higher and lower-fit 9-to 10-yearolds on a modified flanker task. Higher-fit children not only out-performed lower-fit children, they also exhibited larger P3 amplitude, indicating greater attentional resource allocation during stimulus evaluation. Interestingly though, the findings were observed across both flanker conditions requiring variable (ie, lower and higher) amounts of inhibition. In a subsequent study among another group of children (mean = 10.1 years) the flanker task was manipulated by adding an incompatible stimulus-response condition during which participants were instructed to press a button that opposed the direction of the central stimulus (64) , necessitating greater inhibitory control and cognitive flexibility. Higher-fit children maintained their response accuracy (which was higher than lower-fit children) regardless of the stimulus-response compatibility condition. However, lower-fit children exhibited reduced accuracy with increases in task difficulty. Inspection of the underlying ERPs showed that higher-fit children exhibited larger P3 amplitude relative to lower-fit children, but also for incompatible compared with compatible conditions; modulation that was not evidenced in the lower-fit group. Furthermore, higher-fit children had shorter P3 latencies than their lower-fit counterparts. These results indicated that higher-fit children have greater attentional resource allocation and enhanced cognitive flexibility during tasks that modulate cognitive control demands. Given that cognitive processing speed was also faster, the data suggest that higher amounts of fitness are related to better acquisition of information within the stimulus environment. In summary, our initial findings suggested that fitness had a general relationship with cognition across tasks requiring variable amounts of executive control. Subsequent studies in our laboratory modified the flanker paradigm to extend the literature further by demonstrating selective effects of fitness on inhibitory control, suggesting a need for sensitive assays to bore out the selective or disproportionate nature of the fitness-cognition relationship.
In addition to improved cognitive function during stimulus acquisition, higher-fit children also exhibit enhanced action monitoring during response execution; another important aspect of executive control. To carry out goal-directed behavior, individuals must continuously monitor interactions between intended and executed actions. The error-related negatively (ERN)-localized to the dorsal portion of the ACC-is a negative-going component observed during a response and is suggested to index the action monitoring system (33, 36) . Findings from both Hillman et al. (42) and Pontifex et al. (64) indicated that when instructed to respond as quickly as possible, higher-fit children exhibited smaller ERN amplitudes and higher response accuracy following commission errors, relative to their lower-fit counterparts. Interpreting these findings in the context of the conflict monitoring theory-which posits that the ACC detects response conflicts and transmits signals to several regions of the brain, including the dorsolateral prefrontal cortex, which in turn regulate executive control in support of ongoing environmental interaction (5,9)-suggests that higher-fit children exhibit lower response conflict during task execution. Furthermore, similar to findings for the P3, Pontifex et al. (64) observed that the ERN was significantly larger for the incompatible condition compared with the compatible condition of a modified flanker task among the higher-fit children; an effect that was not observed among lower-fit children. Although the ERN in the incompatible condition did not differ across fitness groups, the lower-fit group did not exhibit significant changes in ERN. Therefore, higher-fit children not only exhibit less conflict, but they also appear to flexibly modulate action monitoring processes depending on executive control demands to optimize behavioral interactions within the task environment (44).
Therefore, cross-sectional studies indicate that higher-fit children allocate greater attentional resources during stimulus engagement (P3 amplitude) and have greater capability to flexibly regulate executive control, relative to their lower-fit counterparts. This difference in strategy may account for some of the variability observed in task performance across fitness levels. Furthermore, a recently concluded randomized controlled trial in our laboratory demonstrated that 8-and 9-year-olds receiving 9 months of physical activity (5 days/week) exhibited greater improvements in attentional inhibition and cognitive flexibility coupled with increased attentional resources (eg, increased P3 amplitude) during tasks requiring the upregulation of attentional inhibition and cognitive flexibility; an effect not observed for the waitlist control (Hillman et al., submitted for publication).
Considering both the hippocampal and prefrontal cortex literature, fitness has selectively positive effects on volumes of particular structures that subserve relational memory and executive control. In addition, the positive associations between fitness and brain structure were only found for performance on hippocampal-dependent/ relational memory tasks and not item memory tasks, further reinforcing the fitness-brain relationship to the hippocampus. These findings are consistent with those from animal studies indicating that the hippocampus is positively influenced by physical activity. Emerging evidence from neuroimaging studies suggests that higher-fit children demonstrate differential patterns in brain activity while performing executive control tasks, relative to their lower-fit counterparts. Furthermore, the provision of physical activity appears to alter efficiency and flexible modulation of neural circuitry that supports executive control in children.
Translational Applications of Physical Activity to Academics, Learning and Real-World Tasks
The relationship between physical activity, fitness, and academic achievement has received attention in recent years due to the increased prevalence of children who are lower-fit and overweight. Several publications on the topic indicate that regular physical activity and higher levels of aerobic fitness have weak but positive effects on academic achievement (4, 11) . Given that much of this evidence is based on cross-sectional studies (however, see Donnelly et al. (27) for an exception), the magnitude of the effect of physical activity on academic achievement remains an issue of debate. However, there is no empirical data in the literature that suggests that increasing time spent in physical activity in schools has a detrimental effect on academic achievement.
In addition, the literature thus far has focused predominantly on the ability to perform cognitive tasks. That is, human physical activity studies have focused on differences in task performance as a function of fitness or engagement in a physical activity program, rather than the ability to acquire or learn new information per se. Demonstrating that learning is positively influenced by physical activity or aerobic fitness would provide an important link between physical activity and cognitive and brain health that is directed toward the everyday acquisition of information with implications for lifelong cognitive wellbeing. A recent study in our laboratory examined the influence of fitness on learning and memory among 9-to 10-year-olds (65) . Higher-and lower-fit children performed a task requiring them to learn the names of specific regions on a fictitious map, under a condition in which they only studied the maps and names versus a condition in which they were tested during studying process. Testing during studying has been previously shown to enhance accuracy for retrieval and assists learning through the provision of a strategy (8) . The retention day occurred one day after initial learning and involved two different recall conditions: free recall and cued recall. No differences in performance at initial learning were observed between higher-fit and lower-fit participants. However, during the retention session higher-fit children outperformed lower-fit children, particularly when the material was learned without an explicit strategy (ie, the study only condition). Therefore, fitness appears to be associated with enhanced learning, particularly during conditions in which learning is more challenging. Given the greater retrieval among higher-fit children and the lack of interaction between fitness and the cued condition, the beneficial influence of fitness may primarily occur via enhancements during initial encoding for novel information, rather than through the enhancement of retrieval processes. These findings extend the literature by showing that differences in learning are evident among prepubertal children as a function of fitness.
A last example of how fitness influences aspects of children's everyday life examined the role of fitness in successful street crossing among 8-to 10-year-olds (16). Higher-and lower-fit children were asked to navigate trafficked roads-while walking on a manually driven treadmill -within a modeled virtual environment. Child pedestrians crossed the street while undistracted, listening to music, or conversing on a hands-free cellular phone. There was an interaction between fitness and street crossing condition such that higher-fit children maintained street crossing rates across all conditions, regardless of the amount of distraction. In contrast, lower-fit children exhibited decreases in street crossing success rates when on the phone, compared with the undistracted and music condition. Therefore, higher levels of aerobic fitness may attenuate impairment typically observed with multitasking during street crossing. These findings are particularly important considering that pedestrian accidents are the second leading cause of injury and mortality in children between the ages of 5 and 14 in the U.S. (66) .
Research Needs
Additional longitudinal studies are needed to better examine the association between changes in fitness, physical activity, brain, and cognition. It should be noted that neuroimaging evidence is limited in its generalizability because of the typically lower sample sizes and variability in subject characteristics. Therefore, additional randomized controlled trials are needed to elucidate how changes in physical activity and fitness predict changes in brain structure and function in children. Further research is needed to determine to what extent genetics, motivation, personality characteristics, nutrition, and intellectual stimulation play roles in mediating the fitness-brain relationship observed in cross-sectional studies. Critically missing from the literature is the examination of the relationship between chronic physical activity, independent of aerobic fitness, and cognitive function in childhood. Thus, future studies should objectively assess physical activity in addition to aerobic fitness. Given that much of the current knowledge is based on studies among normally developing and healthy children, additional studies among children with autism, ADHD, and other disorders are needed to enhance the generalizability of findings.
General Conclusions
Evidence from rodent models strongly indicates that physical activity is a potent stimulator of molecular and cellular components underlying brain structure and function. Furthermore, studies in humans suggest that physical activity may be protective against age-related brain tissue loss and may be positively associated with brain health and cognitive function in children as well. Childhood presents a critical period in brain growth characterized by prolonged maturation of structures involved in executive function and relational memory as well as fine-tuning of the brain circuitry intended to support operations of the adult brain (58) . Therefore, this protracted development may provide opportunity for physical activity to optimize cognitive function and brain health during childhood. However, longitudinal studies are needed to examine how changes in physical activity affect the physical and functional developmental trajectory of the brain.
Considering the rise in physical inactivity and obesity in the U.S. and other industrialized nations, the results from the studies reviewed in this article have significant public health and educational implications (62) . Although additional experimental studies are warranted, the current evidence points to the benefits of physical activity and aerobic fitness for cognitive and brain health in childhood.
